The reproducibility of free running exercise challenge has been examined in an unselected population of 8-10 year olds. Using a standardised protocol, monthly exercise tests were performed on 143 children over one year. A positive test was defined using both a 15% and 20% fall in peak expiratory flow after exercise. The mean (95% confidence interval, CI) population frequency for a positive test at 15% fall was 14.9% (6.5 to 23-3) and coefficient of variation 24-6%. For a 20% fall, the mean (95% CI) population frequency was 7.9% (2.9 to 12.9) and coefficient of variation 27-8%. Seventy two (50-3%) of the children gave at least one positive response at 15% fall. Exercise tesdng is not reproducible in the community setting and should not be used as a screening test. Exercise data from epidemiological studies of asthma should be interpreted with caution.
Exercise challenge has been used in the epidemiological study of wheezy illness in children to support subjective questionnaire data with an objective measure of airway dysfunction. [1] [2] [3] In the search for a screening tool for undiagnosed asthma it has also been suggested that children are screened regularly with free running tests to identify children with possible undiagnosed asthma.4 5 The exercise test in the laboratory has been standardised and is reproducible over short periods of time.6-8 Haby et al have suggested a standardised exercise protocol for epidemiological studies of asthma in children. 9 There are no longitudinal data on the performance of free running tests in a community population. If a test is to be used for screening then one of the most important characteristics of the test is that it should be reproducible.'0 The reproducibility in an unselected community based population of children has not been assessed nor has the relationship between response to exercise and respiratory symptoms.
The aim of this study was to assess longitudinally the free running exercise test in an unselected community based sample. We have examined the reproducibility of the test and the within-individual variability of the response in a population of 8-10 year old children.
Methods
Two local junior schools agreed to participate in the study. A cross sectional sample of children aged between 8 and 10 years were enrolled. Their parents were asked to complete a screening questionnaire to assess current respiratory morbidity'1 and a consent form at the beginning of the study year.
Free running exercise tests were completed on a monthly basis from July 1992-June 1993. Similar methodology for every free running test was used and they were completed by the same two workers throughout the study. Before each test, standing height was measured using a portable Rollameter (Raven) and evidence of a current upper respiratory tract infection (URTI) was sought by history and clinical examination.
LUNG FUNCTION TESTING
Peak expiratory flow (PEF) measurements were used as a measure of lung function. Each child made three attempts at a PEF manoeuvre and the best of the three attempts was recorded as the pre-exercise flow rate. Lung function measurements were taken with the child standing and without a nose clip. If their PEF was below 60% of the predicted value they were not asked to run. The predicted values for PEF were calculated from accepted standards.12
The PEF measurements were taken by one experienced worker throughout the length of the study and were taken blind to previous results and responses.
There were two Wright peak flow meters used throughout the study and instrument variability was examined by measuring the PEF of four healthy workers before and after the studies.3
On the first occasion of testing the children were trained to perform a satisfactory PEF manoeuvre and the flow rates were not recorded until the effort and method was considered to be optimal. Each subsequent test started with instructions for the peak flow rate manoeuvre throughout the study to reinforce the method.
EXERCISE TESTING
Cohorts of five children were asked to run around a flat, wooden floored gymnasium for six minutes. If a child was known to have asthma they were instructed to take their asthma medication as they would normally do before exercise. All the children were encouraged to run as hard as possible. Any child deemed to be making inadequate effort throughout the six minutes was asked to stop Table 1 The numbers of children examined at each exercise test illustrating those children  who were absent or refused to run. Included are 11 children who left the school over the year  and nine children who joined the school during the year   No of  Didn't  Total  Left  Not at  Grand  Tests  children  Absent   nrn   possible  school  school yet  total   1  105  28  1  134  0  9  143  2  123  16  0  139  0  4  143  3  116  18  1  135  4  4  143  4  122  17  1  137  2  4  143  5  125  8  1  134  7  2  143  6  117  15  0  132  9  2  143  7  99  31  3  133  9  1  143  8  116  15  2  133  9  1  143  9  116  14  3  133  10  0  143  10  116  11  5  132  11  0 Before exercise PEF
The maximum percentage fall during the first 15 minutes after exercise was used for analysis (fall index). Children with no history of reported wheeze in the last 12 months and no history of asthma or atopyl3 14 were used as a normative population. The cut off point for a 'normal' percentage fall after exercise in our population was taken as the mean plus 1 96 SD of the percentage fall in the normative population. We have also examined a cut off point of a 15% drop after exercise as this has been used by many workers.24 15 The within-population variability of a positive test was assessed. The frequency of a positive response was calculated for each test. The mean, 95% confidence interval (CI), and the coefficient of variation for the frequency of a positive response were then calculated. The within-individual variability was also examined by calculating the cumulative frequency of a positive test within the population and the percentage of positive tests elicited in each child.
Results

POPULATION (A) Schools
The two schools were tested on different days but testing occurred at both schools within two weeks of each other each month. Testing started in July 1992. August was missed because of the school holidays and testing continued monthly until June 1993. The tests were attempted once a month but for practical reasons in October we could only visit school B and in December we could only visit school A. Thus there were 10 possible tests in all for each child.
(B) The children A total of 143 children were assessed of which 80 (55-6%) were boys. The modal age of the children was 9 years, but ranging from 8-10 years. The mean (SD) for height at the beginning of the study was 138-0 (7.7) cm for the boys and 138-9 (9.4) cm for the girls.
During the study period 11 children left the schools and nine children joined the schools. There were a total of 76 children attending school A and 67 attending school B. There were a number of children either absent on the day of study, unable to run due to injury, or excluded because of inadequate effort. Thus not all 143 children were tested 10 times. Details of the numbers actually tested each time, children present but unable to run, and those who were absent are given in table 1. 'Normal' are children with no current wheeze, no diagnosis of asthma, and no atopy as per text.
FREQUENCY OF TESTING
There were 45 (32%) children who were tested 10 times and 119 (83%) children were tested at least seven times. The remaining 24 (17%) children had between one and six tests. Table  2 The absolute water content remained below 10 mg H20/1 (using the ambient temperature and absolute humidity recordings) during every test. Of those children who had their pulse rate assessed immediately at the end of each test, 95% had achieved heart rates above 170 beats per minute. The median (range) point prevalence of an URTI for the tests was 6-8%
(1 6-1 1.7). PEF before exercise (per cent predicted) throughout the year are displayed in fig 1. This includes all children with asthma and There were 82 (56-6%) children who met the criteria for a normal population. Their respiratory symptoms reported on questionnaire are illustrated in table 3. The mean (SD) for the maximum drop in PEF after exercise in these children over the year was 5 2 (7 6). The cut off point for an abnormal per cent fall in this study was thus 20 1%. Thirteen children within this population reported nocturnal or exercise related cough as isolated symptoms. If they were excluded from the analysis the cut off point was unchanged (20.06%).
WITHIN-POPULATION VARIABILITY
We examined the frequency of a positive test for all 10 tests. The mean (SD) of a positive response was then calculated for the two different cut off points.
15% Fall index
The mean (SD) frequency of a positive test using a 15% fall index was 14-9% (3.7). The range was 9 4% to 20-0% (95% CI 6.5 to 23 3) and the coefficient of variation for the test was 24-6%. The mean (SD) for the 45 children who completed all 10 tests was 17% (6@1) with a range of 12-6% to 21.4% (95% CI 3 0 to 30 8) . The coefficient of variation was 36&0%.
20% Fall index
Using a 20% fall index the mean (SD) frequency of a positive test was 7 9% (2 2). The range was 4 3% to 10-4% (95% CI 2-9 to 12.9) and the coefficient of variation was 27/8%. For the 45 children who completed all 10 tests, the mean (SD) frequency of a positive test was 9.3% (3 3) . The range was 4-4 to 13-3 (95% CI 1 9 to 16-7) and the coefficient of variation was 35-5%.
In order to examine the possible relationship between an URTI and the high coefficient of variation seen in the frequency of a positive test, all children with an URTI were excluded from the next analysis.
For a 15% fall index, the mean (SD) frequency of a positive text, excluding those with current URTI, was 14-3% (3 5) with range between 9 9% to 17/9% and coefficient of variation 24-1%. For a cut off point of 20% fall index, the mean (SD) frequency of a positive test, excluding those with current URTI, was 7.3% (2) (3) with range between 3-2% to 9 4%
and coefficient of variation 32-0%.
WITHIN-INDIVIDUAL VARIATION
The cumulative frequency of a positive response was examined. There tion. The return rate of 82-5% from the initial questionnaire was comparable with other prea positive response within the population is valence studies.6 17 The respiratory morbidity shown in fig 3. reported in this questionnaire was similar to the The response to exercise for each child was larger contemporaneous study on .C_ 
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good reproducibility over short periods. The children examined in these studies have been 'normal' children with absolutely no symptoms at all or children with definite asthma selected from a hospital population. Haby et al have suggested a standardised exercise protocol for epidemiological studies of asthma on unselected populations.9 They emphasised that the reproducibility of the test is as yet unclear and needs to be assessed in the field. There may be a number of reasons why we have demonstrated poor reproducibility. The exercise test methodology is obviously most important. We have used a standard free running exercise test lasting six minutes as recommended.9 This has been shown to be the most effective form of exercise to produce BHR. 20 Other forms of exercise testing such as cold air enhanced bicycle ergometry have been shown to be an unsatisfactory tool in community studies.2'
One limitation of exercise testing is ensuring that all the children produce submaximal effort. This can be done by measuring heart rate or oxygen consumption.9 Previous studies have confirmed that children will reach submaximal heart rates during a six minute test22 and indeed 90% of the children in the study by Haby et al reached maximum heart rates within one minute of starting exercise, showing that the majority of children were easily able to comply with the intensity requirement of the challenge.9 We found that 95% of the children assessed had heart rates over 170 beats per minute at the end of the test. We have attempted to ensure that all children were working as hard as they could throughout each test. Some of the children were stopped from running when it was considered that they were not running as hard as possible. Measuring the distance run is an indirect and imperfect method of assessing oxygen consumption23 and would make it possible to estimate whether the children had run at a suitable intensity (30-45 ml/kg/min). We did not do this but Haby et al demonstrated that all but four of the children they tested reached the required intensity and those four actually reached heart rates of over 180 beats per minute and so were included in their analysis.9
We ensured that the absolute water content of the inspired air during the tests was always below 10 mg H20/1 before testing, as an absolute water content above this level is con- However the PEF was measured using a pneumotachograph during a forced expiratory manoeuvre, which is the wrong manoeuvre for a PEF assessment,'2 27 and pneumotachograph measurements are known to have a poorer reproducibility than Wright peak flow meter measurements.28 Other studies have shown Wright peak flow meter measurements to be more reproducible than FEV, in children. 29 30 In adults there are data to suggest the FEV1 is as reproducible as the Wright peak flow meter measurements.31 Mini-Wright peak flow meters have been shown to have a low reproducibility in community studies.32 Most community based exercise studies in children have used a Wright peak flow meter 23 15 so we opted for this method.
To reduce observer and equipment bias, our study used the same two workers throughout the tests and used the same two peak flow meters, which were tested each time for accuracy.3 The worker measuring the PEF was blinded to each child's previous results and response. Each child used the same meter on each test. We have measured the PEF at five, 10, and 15 minutes after exercise, which will identify a significant drop if present.20
As we have used the same methodology for each test and we have minimised the possibility of observer or equipment error, it is likely that the reason for the poor reproducibility of the test is the actual variability of the BHR within an individual over short periods of time. This is supported by the wide within-subject variability of responses to inhalation challenge test assessed regularly over short periods of time demonstrated in children with respiratory Symptoms.33 34 There are a number of factors that can affect BHR. We attempted to ensure that every child had not exercised before each test as it is known that intensive exercise before a test may actually protect against BHR. The variability of response within the population may be due to the variable numbers of children examined each time. It was not easy to control the absenteeism, injury, lack of cooperation, and children leaving and starting at the schools during the year of study. This would be the reality of testing regularly in schools, as has been suggested for screening.4 5 However, 83% of the children had seven tests and 45 were tested 10 times and there was no improvement in the coefficient of variation of test positivity in the 45 children whom were tested every time compared with the 143 children tested using either a 15% or 20% fall index.
To decide on a cut off point for a 'normal' response to exercise we have examined a normative section of the cohort consisting of children who did not report current wheeze, asthma, or an atopic history. The mean plus 1-96 SD was used for the lower end of a 'normal' response and is a well described method for calculating cut off points.'3 14 Our normative population thus gave a cut off point at 20% which is much greater than other studies. Godfrey It is of interest that using a 15% fall index nearly half of the children demonstrated a positive test on at least one occasion and only one child who had severe asthma gave a positive test each time we tested. If regular screening tests were set up to identify poorly controlled or undiagnosed asthma4 5 eventually the screening would identify half of the population. As screening children by questionnaire has currently not been shown to reduce morbidity significantly,40 there is little justification for using exercise tests as a screen. Poor reproducibility and the current lack of evidence that screening reduces morbidity would make exercise testing a poor candidate for fulfilling the important criteria for an adequate screening test.'0 We have not examined the cost of identifying children by this method but if 50% of the children examined could potentially be identified as 'positive' on exercise testing this would put excessive strain on primary health services.
For use in prevalence studies over periods of time the exercise test also has to be interpreted with caution. Over one year we have been able to demonstrate between 6-5% and 23-3% frequency of a positive test using a 15% fall index or between 2-9% and 12-9% using a 20% fall index within the same population.
The high coefficient of variation for the test at either cut off point is of concern. Examining the response to exercise in a cohort of children and then examining another group of children a number of years later'5 will thus be fraught with difficulties in interpretation.
In summary, under field conditions examining a heterogeneous group of children in the community over a year we have demonstrated the inadequacy of exercise testing as a screening test. Using exercise tests to support subjective questionnaire data with an objective measure of lung function in epidemiological studies of wheezy illness and asthma in children may well be a practical epidemiological tool9 but with the poor reproducibility and large variation of individual and population response one has to interpret community based exercise data with caution.
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